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Foreword
Agricultural systems are by nature complex ecosystems. Numerous interac ng factors involving soil, plant, climate, and management components must be taken into account. These systems also need to consider producon, environmental, and societal issues for the sustainability of agriculture. Because of the complex nature of agricultural systems, modeling is a key tool that aids in understanding the intricacies of the interac ons and delivers a myriad of poten al outcomes to users world-wide. This book is designed to guide scien sts and other professionals in methods of parameter es ma on, calibra on, and valida on of agricultural system models. As these models become more available to explore new management strategies and to extend informa on to larger scales, proper parameteriza on, calibra on, and valida on are cri cal to their use. This book is essen al because as models are more widely used, they help advance research and guide producers and policy makers on agricultural systems that impact societal issues and needs. Because system modeling is vitally important to the understanding of agricultural systems, the American Society of Agronomy, the Crop Science Society of America and the Soil Science Society of America support the objec ves of this book, which will help model users apply the proper techniques when using system models. To develop sustainable agricultural systems that address environmental challenges, the fi eld of agricultural research needs to develop more quantitative guidance and site-specifi c decision tools to help producers. To this end, fi eld research requires a quantitative whole-system approach to help optimize the complex interacting factors. The process level models of cropping systems, based on synthesis and quantifi cation of disciplinary knowledge and important interactions among the system components, meet this challenge. These models integrated with cu ing-edge fi eld research will greatly enhance the value and effi ciency of research for developing sustainable agriculture, enable a fast transfer of technologies to farmers, and inform policymakers and the general public on the major issues and tradeoff s of alternatives.
These system models require some input data about the system and need to be parameterized, calibrated, and validated correctly with good fi eld experimental data at selected locations in the region. They can then be used to: (i) synthesize all other experiment data,
(ii) extend current research results to multiple years of historical climate beyond the limited experimental years and to other soils in the area to evaluate the long-term sustainability of cropping and management systems in the area, (iii) derive the new optimum cropping and management strategies for future selective fi eld testing, and (iv) derive simpler management guides or tools for producers. Furthermore, to prepare for projected climate-change effects on water availability and agricultural production with increased temperatures and carbon dioxide, there is an urgent need for validated models to project the effects of these changes on agricultural systems in the United States and the world.
A major diffi culty that fi eld scientists, students, and other users of agricultural system models face is the appropriate parameter estimation and correct model calibration. Many models are often misused and the results published without proper parameterization, calibration, and validation. Reviewers seldom look into parameterization, calibration, and validation of all important system components (e.g., water balance, N balance, phenology, yield components) other than the yield and some measured variables. Model users are not properly trained, often due to a lack of good documentation and guidance on systematic parameterization and calibration for a model. With development of Windows based x user interfaces, it becomes easy for model users to run a model, but it does not guarantee correct use of a model. In most cases, a model user focuses more energy on the system components that he/she is most familiar with and leaves the rest untouched, using default values. There are science documentations available for some models, but how to interpret the science in terms of measurable or derivable model parameters in a given agricultural system is another, totally different process.
The knowledge and experience of model parameterization largely resides with the model developers. They are the ones who truly know the weaknesses and strengths of their models and the best ways to estimate and calibrate the model parameters. When the developers made the decisions on what components to include in their models and at what level of detail, they had an idea of the parameters needed and where to get them. This knowledge is usually not available to users in a systematic way and is scattered in many publications (usually, not in detail). Therefore, the concept of systematic parameterization and calibration, and even validation, of a system model is not fully comprehended by users. Furthermore, the processes and model parameters are well related in the user interfaces, and users have diffi culty identifying the ones related to their particular studies. Objectives of this second volume of the Advances in Agricultural Systems Modeling series, therefore, were to create a "methodology volume" that contains the above muchneeded information for model users. One objective of this book series is to promote the use of system models to enhance and extend fi eld research. To accomplish this goal, it is vitally important to devote a volume to helping fi eld scientists and other model users in proper methods of parameter estimation, calibration, validation, exploring new management options, and extension of experimental results to other weather conditions, soils, and climates. The proper methods are the key to realizing the great potential benefi ts of modeling an agricultural system. This volume contains information on the input data required and step-by-step procedures for parameter estimation, calibration, validation, and extended applications for the major models, illustrated with examples. To avoid duplication, we tried to describe these procedures in detail for one major model, and then special features of other models. This information will help users to correctly parameterize and use each model component without the need to fully understand the theory. This book also contains chapters that address further improvement of parameterization methods, fi eld sampling and measurement of model inputs and parameters, effective properties for spatially variable soils, quality control of weather and other inputs, automatic parameter estimation software, and some new innovative methods to create simple management guidelines for farmers.
We hope this book will serve as a linkage between models and fi eld research. It will not only promote correct model application to complement and quantify fi eld research, but also xi create new knowledge and identify knowledge gaps. We tried to have a user friendly and uniform format in presenting the methods as much as possible, to make it easier and attractive for the fi eld scientists, currently not exposed to models, to start using them. Many of the models are provided on a companion CD.
The fi nal synthesis chapter seeks to identify: (i) the best set of current procedures from across the models; (ii) knowledge gaps and research needed to further improve parameter estimation, calibration, and validation methods for users; (iii) required research to improve concepts in the models so as to make the parameters more biophysically based and less of empirical coeffi cients, and either directly measurable or related to some easily measured data; (iv) the means to balance the complexity of process and parameters; (v) determination of effective parameters for a spatially variable fi eld and for temporally variable conditions; (vi) relationships of model results across different soils, climates, and scales; and (vii) simpler ways of documenting model components for users.
We wish to convey one important feature of the volumes in the new series Advances in Agricultural Systems Modeling. We have made an utmost effort to ensure the quality of each volume, with two to three (in some cases even more) anonymous peer reviews of each contribution. We have tried to ensure originality of each contribution in terms of new synthesis and quantifi cation of knowledge in the topic area, which would be useful for further improving and advancing system models as well as advance science and further research. Each contribution is, therefore, treated as a review and synthesis paper, much like a review paper in a journal. 
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